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Photonic Probing of Structural Deformation of the Brain Tissues 




Mesoscopic optical physics based Partial Wave Spectroscopy (PWS) and Inverse Participation 
Ratio (IPR) techniques are sensitive to nanoscale and submicron-scale changes respectively 
occurring in biological cells. These changes occur due to several factors; stress and fetal 
alcoholism are deemed to be the major ones. The effects of chronic stress in the adult brain cells 
and fetal alcoholism on the brain cells of fetus are studied using the respective animal models. 
PWS studies the effect of stress in the brain tissues by measuring the optical backscattering 
spectra and quantifying the statistical properties of the nano-architecture of the tissues by the 
analysis of the fluctuating part of the reflected intensity. Spatially localized optical 
eigenfunctions of the optical lattices constructed from confocal images of in-utero ethanol-fed 
pups' brain cells are analyzed to predict nano- to sub-micron level mass density (i.e. refractive 
index) fluctuations using IPR technique. The results interpreted in terms of physical parameter 
called disorder strength, Ld given by Ld= <Δn2> × lc, Δn being the fluctuation in  refractive index 
and lc  being correlation length of the fluctuations, showed quantitative changes in the structural 
disorder in stress-induced adult mice brain cells and fetal alcoholism-induced pups’ brain cells, 
bringing visible abnormalities in the brain cells. The potential applications of these techniques 
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1.1 Background of the Study 
Light is a fundamental aspect of electromagnetic wave which has been used in several 
areas of research such as studying the dielectric properties of the biological tissues. The use of 
light in exploring the biological system is being extensively used. Biological cells can be deemed 
as dielectric objects having a given refractive index distribution that exists due to the presence of 
heterogeneous organelles consisting of macromolecules such as DNA, lipids, chromatin, 
different proteins, etc.[1]. As the light-tissue interaction, i.e. scattering, is governed by the 
refractive index distribution (RI) of tissues, therefore RI of biological tissue is a key parameter 
for characterizing the light-tissue interactions and hence can probe morphological modifications 
or alteration associated with diseases and abnormalities [2]–[4]. As light is incident on a cell, 
some part of it is absorbed, some reflected, some scattered and some localized. These different 
interactions are capable of predicting the changes occurring inside the cells. Light scattering and 
localization are two important forms of light-tissue interactions which can provide us 
information about the structural alteration/modifications in the biological cells, in turn their 
physical states. We study the light transport measurements through the tissue which are sensitive 
to the structural features of tissues[5]. Based on this light transport measurements, we will study 
the brain cells under different conditions implementing the mesoscopic light transport theory. 
Mesoscopic transport theory measures the total amount of scattering happened inside an ordered 
or disordered sample of mesoscopic size. The light scattering in the cells is probed by the 
recently introduced mesoscopic physics based Partial wave spectroscopy (PWS) microscopy 
technique, and the light localization in disordered sample is probed by another mesoscopic 
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physics based method called Inverse Participation Ratio (IPR) technique. These two techniques 
based on mesoscopic light transport and localization theories are used to study the changes in the 
brain cells and tissues that occurred due to stress and fetal alcoholism.  
The brain is the most important and complex organ of the human being. The different 
parts of the brain are responsible for proper functioning of the body.  The malfunctioning of any 
parts of the brain results in abnormal changes in the body and activities.  So, maintaining the 
brain health has been an important and necessary public health goal. Different brain studies have 
shown that several factors are responsible for degrading the brain health. Alcohol consumption 
and stress are two main existing factors responsible for the degradation of the brain health. 
Stress has become an inevitable part of modern life. The hormone cortisol is mainly 
responsible for stress in humans. There are mainly two types of stress, acute and chronic. When 
we talk about stress, it does not always have negative effects on the brain. Some stress is 
necessary for active and cognitive performance and development. Recent studies have shown 
that acute stress helps in the proliferation of neural stem cells into new nerve cells and these new 
nerve cells on maturation increase mental performance. The release of protein named fibroblast 
growth factor 2 (FGF2) by astrocytes in the brain from stress causes the proliferation of these 
new nerve cells. Cortisol released because of acute stress is a response of the fight-or-flight 
mechanism and the level of cortisol returns to original without any long-lasting effects. On the 
other hand, chronic stress increases the level of stress hormone cortisol and this suppresses the 
development of new neurons in hippocampus as well as shrinkage of neural network. Chronic 
stress can lead to different body problems ranging from simple depression, viral infection to 
cancer. Most of the health problems nowadays are somehow inter-connected to stress [6]–[8]. 
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Studies have shown that chronic stress is responsible for mental and physical disorder by altering 
the gene control[9]. 
Epinephrine, norepinephrine and cortisol are the main three stress hormones in humans. 
Epinephrine and norepinephrine are the flight and fight hormones mainly responsible for the 
immediate reactions we feel when stressed. These hormones make us more aware, awake and 
focused and help in fleeing away from the stressful condition. Cortisol is the stress hormone 
which helps in fluid balance and blood pressure in optimal level. However, excessive level of 
cortisol interferes with learning and memory, lowers the immune system, increases body weight, 
increases blood pressure, causes fluid imbalances, causes heart diseases, diabetes, etc. This stress 
hormone is also recognized as ‘Public enemy #1’[10]–[12]. Chronic stress has multiple effects 
on the brain from forgetfulness to death of the brain cells and many neurological disorders. The 
inter-connection between the structural alteration of the brain and the effect of the stress 
hormone cortisol is not well known and requires a systematic study. 
 In this work, we study structural alterations in the brain of a stressed animal (mice) 
model and quantify the degree of structural disorder in the tissues of the stressed mice brains. It 
is known that in stressed mice model, corticosterone is the hormone released in stress and is 
similar to the human cortisol in human stress. Corticosterone induced mice model has been well 
characterized earlier and it has adequate similarities with human stress. Mice have short life span 
to induce stress on them. For the model study, we will use well characterized the corticosterone 
treated mice stress brain model. Structural disorder properties in the brain will be measured and 
quantified by our recently developed Nano-sensitive spectroscopy microscopy technique called 
partial wave spectroscopy microscopy. 
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Alcohol has been long existed around the globe since the beginning. Some form of 
drinking alcohol in certain cases like social function and celebrations can be regarded as an 
intrinsic part of human culture. But excessive drinking of alcohol has created many  health issues 
in the present world. Major health problems reported are directly or indirectly attributed to 
alcohol. The extent of damage by the alcohol depends on various factors like age, sex, amount 
and concentration of alcohol, etc. Alcohol affects all the major organs of the body like liver, 
heart, brain, pancreas, etc. The immune system is degraded by alcohol and the body is prone to 
disease shortly [13]. So, alcohol consumption has been responsible for increased illness and 
death for a long time[14]. It has been shown that there is  a complex and multidimensional 
relationship between alcohol consumption and health consequences [15]. 
Alcohol has been identified as a carcinogen and is responsible for majority of the cancers 
[16]. Most of the studies have shown that alcohol has more effect in women than in men [17]. 
Moreover, alcohol consumption during pregnancy leads to several critical health issues like 
miscarriage, stillbirth, and importantly different disabilities known as fetal alcohol spectrum 
disorders (FASDs)[18]. Alcohol use during pregnancy is one of the major risk factors of mental 
retardation in children in the United States [19]. Fetal alcohol Syndrome (FAS) and alcohol-
related neurodevelopmental disorder (ARND) are the alarming outcomes of the maternal alcohol 
consumption during pregnancy or chronic fetal alcoholism, linked with notable cognitive and 
behavioral deficits [20]. 
Several risks factors are responsible for analyzing the effects of alcohol exposure on the 
fetal brain development, however, the conditions changing the blood alcohol concentration 
(BAC) in the fetus play an important role in influencing the occurrence and harshness of alcohol-
induced developmental brain-injuries [21]. The alcohol consumed by the pregnant mother passes 
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through the placenta from her body to the growing baby and has the same amount of alcohol as 
the mother. The baby is unable to metabolize the alcohol through liver or any other organs and 
alcohol, being teratogenic, interferes with the healthy development resulting in the brain damage 
and other birth defects. This might affect the brain cells at the very nano-level which cannot be 
predicted by the ongoing histological procedures in the hospital nowadays. So, the nanoscale 
study of the changes in the in-utero ethanol-fed fetus brain cells because of the alcohol 
consumption during pregnancy is necessary for the early treatment of the alcohol-induced 
consequences in the fetus brain.  
Most of the changes that occur due to stress and alcohol effect at nano-scale level are not 
predicted by the existing conventional microscopy. These changes are found occurring in the 
nuclear components and the nuclear components like DNA fall under the diffraction limit of the 
conventional microscope (i.e. <200nm). We, therefore, are in need of that technique which can 
find the changes occurring below 200nm. In this case the diffraction limited resolution in not the 
restriction, but change within this limit is important and needs to be measured. For this purpose, 
we have used the partial wave spectroscopy (PWS) analysis and Inverse Participation Ratio 
(IPR) analysis to study the effects of these two important factors in the brain cells. 
1.2  Problem Statement 
 
Many studies have reported that majority of the health cases admitted in the hospital are 
closely linked with stress and alcohol. These two conditions are, therefore, becoming the 
causative agents of different diseases and are ranked as the major factors leading to death cases 
in the world. Most of the diseases like heart diseases, gastrointestinal problem, diabetes, 
depression, asthma, etc. are all aggravated by stress and alcohol abuse. Alcohol, being 
teratogenic, leads to fetal alcohol syndrome (FAS) and alcohol-related neurodevelopmental 
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disorder (ARND) in many babies born from mothers consuming alcohol during their pregnancy. 
Therefore, the children, which are the backbone for the future, are suffering from mental 
retardation from their early life. This is impacting on the productive manpower of the world as 
well as increase in cost in health systems. Moreover, people are having different level of stress 
from different aspects of life like work, study, family relationship, etc. and are degrading their 
health. The chronic stress is hampering the vital organs like heart, brain, etc. and even causing 
death. So, these two issues have become a major challenge for the present world. The existing 
treatment methods are not enough to detect the changes occurring in the brain cells/tissues due to 
stress and alcohol at the early stages of their impact. Therefore, the principles borrowed from 
condensed matter physics are applied in this thesis to study and analyze the nanoscale structural 
changes taking place in the brain tissues due to stress and fetal alcoholism. 
Stress has been recognized as Public enemy number 1[10]. American Psychological 
Association reports high level of stress in adults and this has increased over the past few years. 
National Institute for Mental Health found that approximately 1 in 75 people experience panic 
disorder due to stress in the US. This trend is similar in the world. Stress has induced depression, 
and depression is becoming the leading cause of disability in the world according to the World 
Health Organization and therefore, is recognized as health epidemic of the century. 
Besides stress, alcohol is another important factor responsible for challenging the health 
issues for the century. Centre for Disease Control and Prevention estimated death toll of 88000 
annually from alcohol related cases and alcohol is ranked as the third leading preventable cause 
of death in the US, and the number is increasing year after year. Furthermore, the effect of 
alcoholism during pregnancy is even critical. One child born of every 13 women who consumed 
alcohol during pregnancy is found to have fetus alcohol disorder syndrome (FADS). The number 
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of infants born with FASD is estimated to 630 thousand  annually worldwide and this number is 
increasing every year [22]. This issue, which is yet preventable, is tragic as it is a leading cause 
of intellectual disability, birth defects and developmental disorders [23]. 
The health issues developed due to stress and alcohol are ranked to be the major health issues in 
the global health. The study of changes at atomic or molecular level is important than the 
changes at the macroscopic level in biological cells to detect the changes at the early phase and 
help prevent the abnormalities evolved due to stress and alcohol. 
 
1.3 Research Objectives 
 
The main objective of this work is to develop an effective technique, implementing the 
concepts of condensed matter physics in understanding the changes occurring in the cellular 
level due to the stress and alcohol by quantifying the spatial mass density fluctuations in the cell 
nuclei. We have used nanoscale sensitive optical techniques and the structural disorders are 
obtained from the multiple interferences of light waves from refractive index fluctuations in back 
direction, and the light localization properties of the biological cells. The techniques used in this 
work can detect the changes in those cells which seem to be histologically normal but have some 
changes at nanoscale. 
Several studies conducted for the effect of stress in the brain show that chronic stress is 
harmful for the brain tissues as they can lead to stroke and even death. These effects are seen 
after certain timeframe of the stress by the existing technologies.  However, no efficient 
technique has estimated the changes occurring in the brain cells at the early phase of stress and 
the most affected region due to stress is not known. In this study, we compare the nanoscale 
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morphological fluctuations in the brain cells at different levels of stress by the spatial mass 
density fluctuations present in the mice brain model administered with or without corticosterone. 
Many studies conducted on alcohol consumption during pregnancy have indicated that 
alcohol is responsible for Fetus Alcoholic Disorder Syndrome and alcohol-related 
neurodevelopmental disorder (ARND) and these conditions indicate neurobiological disorder in 
the children from their early life. Though alcohol affects the fetus at the early stage of pregnancy, 
there is no noticeable way to associate alcoholism and its intracellular morphological alterations 
in the fetus. In this study, we performed experiment using our technique to find the effect of 
alcohol in the in-utero ethanol-fed pups’ brain cells, using animal model. 
 
1.4 Scope and Limitations of the Study  
 
In this study, we have implemented two different optical principles for the study of the 
brain cells at two different conditions. First, we have used the spectral analysis of backscattered 
light from the brain cells under stress and secondly the localization properties of light from 
confocal imaging of the brain cells from in-utero ethanol-fed pups’ brain. Both principles are 
used to analyze the structural alterations from nano to submicron scales in the cell nuclei. The 
technique used in this study associated with these two principles is based on mesoscopic physics 
concepts. The technique is used to study the quantification of the structural disorders in 
biological cells and has been proven to be an effective tool in detecting the changes in 
intracellular nanostructure associated with disease. 
The technique has achieved success in detecting the nanoscale changes in the colon cells, 
brain cells, pancreatic cells, esophageal cells, etc. with different disease conditions. The 
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quantified disorder/fluctuations in nuclei are detected before assessing from the microscopic 
images; hence, this approach can assist in the present disease analysis system. 
The following microscopies and diseases conditions are assisting the technique used 
above: 
• Partial Wave Spectroscopy Microscopy (PWS)    
 To probe the effect of chronic stress in the brain cells  
• Confocal Microscopy/IPR  
To quantify the morphological alteration in sub-micron scales of the brain cells in 
rat pup due to fetal alcoholism. 
Although the research predicted some important results, it has the following limitations and 
shortcomings. 
a)  This initial study is limited to a mice model, so all the conditions studied may 
differ and hence, these factors must be addressed before applying to human 
studies. 
b) PWS study is only suitable for the isolated cells and can’t be performed in vivo. 
In vivo study is more practical and reliable than the isolated cell study. 
 
1.5 Literature Review 
 
The application of mesoscopic physics concepts in the biological cells has only recently 
been used. However, studies have been conducted in a timely fashion in this area. The studies 
conducted in this area are quantification of the physical parameter called disorder strength to find 
the nano- to submicron-scale structural alterations in the biological cells due to conditions like 
disease, drug and cellular functions. So, the application of morphological cell analysis method 
10 
 
has been an important tool in biomedical research field.  Many publications have reported the 
structural disorder or disorder strength as a potential biomarker to distinguish different abnormal 
conditions from normal [24]. The journal and publications being successful in the following 
cases are included in our reviews. 
a) Application of the concept of disorder strength to find the structural alterations in 
the biological cell due to cancer at the early stage. 
b) Relationship between alcoholism and the structural alterations in the brain cells. 
 
Literature on Stress and Neurological Disorder 
The brain is the main organ responsible for controlling the whole body. The brain health 
is therefore, important. But there are many factors responsible for degrading the brain health. 
Chronic stress is one of the major causes responsible for the brain damage. Researchers have 
found that chronic stress induces  long term changes in the brain structure and function [25]. The 
level of damage in the brain depends on age, sex, health condition, etc. The level of stress 
determines the level of damage to the brain. Small stress is good for neural health to improve the 
mental performance. But if the level of stress keeps on increasing, so will be the level of changes 
in the brain structure. Mild stress can be curable with certain medical treatment and therapies. 
But chronic stress can be life threatening [26]. The degree of changes in the brain increases with 
the level of stress. Stress hinders the hippocampal activity and therefore destroys the memory 
performance. Nervous system’s structures and functions are affected by stress and hence 
neurodegenerative diseases and mental disorders are associated with stress. Present medical 
technological methods detect the changes in the brain at the later stages of stress level. Detecting 
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the changes in the brain cells at earlier stages is important to prevent different neurological 
disorders. 
 
           Literature on Alcoholism and Pregnancy 
Alcohol is considered as a teratogenic agent and is therefore, responsible for many 
complications in pregnancy, especially the fetal complications like still birth, miscarriage, fetal 
alcohol syndrome, etc. Alcohol or its breakdown constitutes interfere within the brain 
development altering the excretion or function of the natural regulatory substances responsible 
for growth and differentiation of neuron [27]. Researchers have shown that major changes 
occurring in the brain in the Fetal Alcohol Syndrome are easily detected by the existing 
pathological and diagnostic tools [28]. Nuclear DNA and histone proteins in the chromatin, 
which are sensitive to alcohol, can act as a marker for the brain function alteration [29]. 
However, these structures’ size fall under the diffraction limit of the conventional microscope. 
Rationale 
The literature reviewed provided us the basis to present a study of structural alterations at 
nano- to submicron level represented as the fluctuations in the refractive index (which is 
correlated with the mass density) in the brain cells’ nuclei due to stress and fetal alcoholism. 
These scales of structural changes prominent in biological matter are undetectable to the existing 
pathological techniques and therefore, the symptoms are hidden for long time for certain diseases 
like cancer and certain abnormal conditions in the brain. The unfavorable factors like stress, 
alcohol, etc. cause damage to the brain cells immediately at the nano level in the brain. 
Therefore, the nano to submicron-scale analyses of the structural alteration at early stages can 
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diagnose the level of damage at this stage. Early stage disease recognition is curable or 
preventable. 
The effect of alcohol in the in-utero ethanol-fed fetus brain and effect of stress in the 
brain have been quantified in this study.  Literature shows that  chronic stress is responsible for 
hindering the cognitive performance by altering the neural connections and morphology [30]. 
Moreover, studies show that excessive stress causes  expression of genes causing inflammation 
and this inflammation leads to the increase in risk to various serious health conditions like heart 
disease, diabetes, neurological disorders, etc. [31]. Similarly, stress is responsible for decreasing 
the immunity power and making humans easily prone to disease[32], [33] and, cancer is also 
associated with it [34]. This indicates that stress is evolving as a major global health issue and 
hence, we have studied the structural alteration at early stage at nanoscale in the brain cells. 
The other study in this thesis is the effect of alcohol on the in-utero ethanol-fed fetus. 
Literature indicates that in-utero ethanol-fed fetus is prone to structural and functional 
abnormalities like behavioral disorders, heart problems and fetal brain disorders [35]. The 
general fetal alcohol syndromes are studied by the existing medical technologies like MRI, in the 
prominent cases at the later stage. However, the nanoscale changes in the fetus brain due to fetal 
alcoholism have not been explored in detail. We have used the concept borrowed from 
condensed matter physics in this study to analyze the nanoscale level of changes occurring in the 
fetal brain cells. This method could be a potential means to identify the severe changes in the 
brain cells early due to alcohol and help the timely treatment and create awareness about the 





1.6 Organization of the Thesis  
 
The structural alterations occurring at nano to sub-micron scales in the brain cells due to 
chronic stress and fetal alcoholism is presented in this thesis report. Mesoscopic physics 
concepts, different theoretical and experimental evidences from previous studies, techniques 
applied for the study and their applications are discussed in the thesis. The thesis is organized in 
the following pattern. 
Chapter 1 deals with the introduction which provides a background to the study, problem 
statement, research objectives, important scope and limitations and the literature review for the 
study. 
Chapter 2 describes the optical methods and the animal model used in the study. The two 
different photonics tools, namely Partial Wave Spectroscopy (PWS) and Confocal Microscopy 
are presented in this chapter. The structural alteration parameter “disorder strength” from 
condensed matter physics is discussed in Partial Wave Spectroscopy for the data analysis 
purpose to study the nanoscale fluctuations in the biological cells. The light localization 
properties in biological cells are studied using the confocal imaging via Inverse Participation 
Ratio analyses technique. 
Chapter 3 presents the results based on the experiments conducted using the two techniques 
discussed in Chapter 2. The result of PWS study of the effect of stress in the brain cells is 
discussed in the first part and the result of effect of alcohol in in utero ethanol-fed rat pup’s brain 
cells using the IPR technique are discussed in the second part. 
Chapter 4 is the conclusion section which deals with potential applications of these studies and 





MODELS AND METHODS 
This chapter provides the detailed description of the animal models, different photonics 
approaches used to study the animal model and the different data analysis methods. The 
experimental study was carried out using corticosterone treated mice brain model and in-utero 
ethanol-fed mice pup’s brain model. These biological samples were imaged using partial wave 
spectroscopic microscopy and confocal microscopy. Two different data analysis methods used 
for these two different microscopies are described in this chapter.  
2.1 Animal Models  
Mice have been used as a model of human biology and diseases. The phylogenetic and 
physiological similarity of mice with human, easy availability and easy maintenance and 
breeding of mice has put it as a model animal for various studies in human [35]. The life span of 
mice being short, we can study the different conditions at all stages. In our study, the effect of 
stress and alcohol has direct relation to genetic and epigenetic modifications.  Mice brain model, 
in particular, corticosterone treated mice model best suits for studying the effect of stress in the 
brain cells. Moreover, fetal alcoholic mice pups’ brain model was used to study the effect of 
alcohol in in-utero ethanol-fed mice pups’ brain. The accurate data for the changes in in-utero 
ethanol-fed fetus brain is hard to obtain from the human. So, this mice model could be the best 




2.1.1 Laboratory Mice preparation for PWS experiment 
The use of mice for experimentation purpose was approved by the Institutional Animal 
Care and Use Committee (IACUC) of the University of Tennessee UT, Health Science Center, 
Memphis, TN, USA, in accordance with institutional and U.S. federal guidelines. First, mice 
were randomly caged with three in each cage. The mice were then divided into two groups as (i) 
control mice, (ii) corticosterone treated mice. The second group was further divided into 
corticosterone treated mice for 7 days and corticosterone treated mice for 10 days. The control 
group was injected (s.c.) with some vehicle. The other two groups were injected (s.c.) 
corticosterone daily at 9-10 am for 7 days and 10 days. The corticosterone treated mice were 
given a single dose of corticosterone with 25mg/kg in sesame oil daily. Animals had ad libitum 
access to diet and water. Animals were sacrificed after two hours following the last injection on 
seventh and tenth day and the brain hippocampus were collected for mRNA expression analysis. 
The brains were sectioned using a microtome and attached to a slide and fixed by using formalin.  
The thickness of each brain slice sample was 10µm. The fixed samples on glass slides were then 
used for partial wave spectroscopy microscopy studies. 
2.1.2 Laboratory Mice Preparation for Confocal Imaging  
 
 All animal experiments were performed according to the protocol approved by the 
University of Tennessee Health Science Center (UTHSC) Institutional Animal Care and Use 
Committee. Mice were housed in groups of 2-5 per cage, segregated by sex, in a room on a 
12 h/12 h light/dark cycle (lights on at 8:00 AM, off at 8:00 PM) maintained at 22±2 °C. 
Pregnant mice were fed with or without ethanol (0% 2d, 1% 2d, 2% 2d, 4% 1 week, 5% 1 week 
and 6% 1 week) in Lieber-DeCarli liquid diet. Control group was pair fed with isocaloric diet. 
Fetal alcohol exposed (FAE) offspring’s brain were collected at postnatal day 60 of age.  The 
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immunofluorescence staining was performed in the brain sections with DAPI dye and histone 
staining dye. We have collected and analyzed images from frontal cortex region. 
 
Florescence microscopy 
Cryosections of thickness 10 µm were fixed in one to one mixture of acetone and 
methanol at -20°C for 2 minutes and rehydrated in phosphate buffered saline (PBS). PBS is a 
mixture of 137 mM sodium chloride, 2.7 mM potassium chloride, 10 mM disodium hydrogen 
phosphate and 1.8 mM potassium dihydrogen phosphate. Sections were permeabilized with 0.2% 
Triton X-100 in PBS for 10 minutes and blocked in 4% non-fat milk in Triton–Tris buffer (150 
mM sodium chloride containing 10% Tween-20 and 20 mM Tris, pH 7.4). It was then incubated 
for 1 hour with the primary antibodies (rabbit polyclonal anti-H3k27me3), followed by 
incubation for 1 hour with secondary antibodies (cy3-conjugated anti-rabbit IgG antibodies). The 
fluorescence was examined using a Zeiss710 confocal microscope (Carl Zeiss Microscopy, Jena, 
Germany), and images from x–y sections (1 lm) were collected using LSM 5 Pascal software 
(Carl Zeiss Microscopy). Images were stacked by using the software ImageJ (NIH, Bethesda, 
MD), and processed by Adobe Photoshop (Adobe Systems Inc., San Jose, CA). All images for 
tissue samples from different group were collected and processed under identical conditions. The 
images obtained were categorized into four groups as (i) Control  pup’s DAPI stained brain cells, 
(ii) In-utero ethanol-fed  pup’s DAPI stained brain cells, (iii) Control  pup’s histone dye stained 




2.2 Optical Methods  
2.2.1 Partial Wave Spectroscopy Microscopy  
The diseased cells, in many cases are well studied at their later stage of disease by the 
existing technologies without any hindrance. However, the case is not the same at the early stage 
for some disease as the biological cells start changing their morphology at the early stage. These 
morphological changes are of nanoscale and the diffraction-limited resolution of the 
conventional microscopy restricts the visualization of these changes. The resolution of a 
conventional microscope, being ~200nm, is insufficient to resolve smaller structures below 
200nm, however, one can detect change in this length scales. Thus, a cell that appears to be 
histologically normal may have undergone alterations below the length scale of 200nm. This 
limitation was improved by the introduction of the Partial Wave Spectroscopy Microscopy based 
on concept borrowed from mesoscopic light transport theory in condensed matter physics. 
 
 PWS Instrumentation  
 The instrumentation of the PWS system developed at Bionanophotonics Laboratory of 
University of Memphis is shown in Figure 2.1. The illumination of the biological sample S 
mounted on a motorized linear scanning stage is done by a broadband of white light from Xenon 
lamp and an image formed by the backscattered photons is obtained. The backscattered light 
spectra at a visible wavelength range from 450nm to 700nm are captured at each pixel of CCD 
camera. The backscattered light spectrum is then normalized by the spectrum of the incident 
light and filtered to remove spectral noise. This yields a data cube R (λ, x, y) (λ is the 
wavelength, x and y are the pixel coordinates related to the position on the sample), which is 
referred to as the fluctuating part of the reflection coefficient. PWS measures the spectral 
18 
 
fluctuations in the backscattering spectra. PWS virtually divides a cell into a collection of many 
parallel channels each with a diffraction-limited transverse size, detects back-scattered waves 
propagating along quasi 1D trajectories within these channels along the z-direction, and 
quantifies the statistical properties of the nano-architecture of a cell by the analysis of the 
fluctuating part of the reflected intensity R (λ, x, y). The reflection intensity spectral fluctuations 
in R (λ, x, y) arise from the multiple interferences of photons reflected from refractive index 
fluctuations within a scattering object, i.e., the cell. These spectral fluctuations are analyzed by 
means of quasi 1D mesoscopic light transport theory. According to mesoscopic light transport 
theory[36], refractive index fluctuations for any length scale in weakly disordered system can be 
probed even below the diffraction limit by analyzing a signal obtained from multiple interference 
of light from 1D independent channel in the scattering object. The statistical properties of the 
spatial refractive index variations at any length scale including those well below diffraction limit 
are quantified. The statistical parameter obtained from the analysis is the disorder strength Ld = < 
Δn2 > × lc, where < Δn2 > and lc are the variance and the spatial correlation length of the 
refractive index fluctuations [24]. The disorder strength quantifies the spatial variability of 




Figure 2.1: Experimental Setup for the Partial Wave Spectroscopy system. L1, L2, L3 lens; A1, A2 
Apertures (forming a 4-f correlator); BS Beam Splitter; M Mirror; O Objective; S Sample; LCTF Liquid 
Crystal Tunable Filter; CCD Charge coupled device camera.  
 
 
Experiments were performed longitudinally on the slide containing the brain sections of 
the mice.  Thirteen sets of PWS images for each three different samples were taken for each 
brain slices on the slide.  The reflected back scattering spectra R (λ, x, y) were taken for the 
whole visible range (400-700nm), and were analyzed using the mesoscopic scattering algorithm 
and the degree of the structural disorder, or disorder strengths were calculated. The samples were 
mice brain tissue with vehicle, seven-day old mice brain tissue treated with corticosterone and 
ten-day old mice brain tissue treated with corticosterone. 
 
Optical structure of cell: Refractive index fluctuations in a cell 
A biological cell can be considered as a complex system with the variation in the 
refractive index due to the presence of various complex microstructures in the cell [1].  PWS 
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divides the cell into a collection of parallel channels each with diffraction limited transverse size. 
As a result, when light incidents on the cell, the back scattered intensity of the waves propagating 
through these quasi 1D trajectories within these channels are obtained for each cell pixel. The 
backscattered spectra obtained from each cell pixel are normalized by the incident photon spectra 
employing mirror reflection. Further analysis of the normalized spectra provides the fluctuating 
component of the backscattering spectra. The multiple interferences of photons propagating in 
these 1D parallel channels in the cell give rise to the fluctuating part of the backscattered spectra. 
The statistics on refractive index fluctuations at sub-wavelength scale is rooted into these 
backscattered spectra. Figure 2.2 describes the scattering of light from a cell in partial wave 
spectroscopy microscopy. 
Figure 2.2: Scattering of light from a cell in Partial Wave Spectroscopy 
 










Fluctuations in a cell 
x  xo xo+L (0,1) 
n(x)= no +Δn(x) 
n(x)  
cell 
Incident and Reflected 
light  





Disorder Strength  
Partial Wave Spectroscopy employs the concept of mesoscopic light transport theory to 
assess the nano-scale density or refractive index fluctuations in tissues/cells. The back-scattering 
spectra obtained from the multiple interference of light waves reflected from the weak refractive 
index fluctuations is used to probe the sub-wavelength refractive index fluctuations [37],[24].  It 
is now know that the optical refractive index (n) of the biological cell has a linear relationship 
with the local mass density (ρ) of the intracellular macromolecules like RNA, DNA, proteins, 
etc. i.e. 
n = no + Δn = no+ αΔρ 
where no is the refractive index of the medium surrounding the cell and α is a proportionality 
constant which is uniform for all the scattering substances in the living cell [38]. 
This relation makes a clear link between mass density fluctuations in a cell and the 
corresponding refractive index fluctuations and thus indicates that the quantification of the mass 
density fluctuations in turn is the quantification of the refractive index fluctuations. Thus, the 
disorder strength expressed as Ld= <Δn2> × lc, which can be expressed as  
Ld=<Δρ2> × lc, 
Where Δn is the fluctuation in the refractive index, Δρ is the fluctuation in the mass 
density and lc is the correlation length of the fluctuations which is dependent of 
intracellular solid size [38].  




1) Determination of the fluctuating component R from the backscattered signal. 
• The high-frequency noise of the normalized spectrum is filtered out; 
• A low order polynomial is fitted to the filtered spectrum; 
• Fluctuating reflected intensity R(k) is then calculated by subtracting the 
low order polynomial from the filtered spectrum. 
2) Determination of the statistical properties of the sample by using 1D mesoscopic light 
transport theory. 
• The autocorrelation function C (∆k) of the fluctuating component R (k) is 
calculated. 
• Disorder strength is then calculated for each channel using R (k) of the 
channel, its auto correlation function   and constant and variables using 
the following equation.                                                                                                                             
<R>≈2k2LdL/no2 
In addition, C (∆k) = exp [(-∆k) 2 f (Ld) AL] where f (Ld) is a slowing varying 
function for the practical values of the disorder strength and so can be neglected 
and therefore, 
ln(C(∆k)) =-(∆k)2AL, A is a constant [39], [40]. 
Hence, knowing <R> and C (∆k) for each 1D channel in a cell, we can 
find the disorder strength eliminating L. 
• The average disorder strength is then calculated for a single biological 
sample, and for many samples. 
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2.2.2 Confocal Microscopy  
Confocal microscopy is a powerful optical imaging technique to view the biological 
samples in which out-of-focus background information is rejected by the confocal aperture 
producing thin optical sections with exceptional contrast. The ability to control depth of field, 
eliminate or reduce information away from the focal plane and collect serial optical sections 
from thick samples has proven confocal microscopy to be one of the most important advances in 
the optical microscopy. 









Figure 2.3: Schematic diagram of the Confocal Microscope 
 
 
Figure 2.3 shows the simple construction of the confocal microscope. It consists of a laser 
light as source, scanning mirrors, objective lens, pinhole and detector. A laser light is focused 
onto a fluorescent specimen through the objective lens. A mixture of reflected and emitted light 
is gathered by the same objective and is sent to the dichroic mirror. The reflected light is 
deviated and only the emitted fluorescent light passes through a confocal pinhole to reduce the 
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‘out of focus’ light and is detected by the detector.  Every single point is scanned in an XY 
manner as the laser focus is moved over the specimen and an entire image is produced. The two 
confocal pinholes which help in rejecting the out-of-focus light reaching the detector have made 
confocal microscope a powerful technique in obtaining 3D optical resolution. 
 
Inverse Participation Ratio (IPR) technique using confocal microscopy: 
In confocal microscopy, the specimen is generally illuminated by the laser. The light 
coming from the laser passes through an excitation pinhole and is reflected by the dichroic 
mirror and focused by the microscope objective to a small spot in the specimen. The 
fluorescence emitted by the sample molecules from finite volume of sample called ‘voxel’ 
around the excitation center is collected by the microscope objective and imaged onto the 
detection pinhole in front of the photo detector. The excitation volume is dependent of the laser 
light intensity profile used for excitation. The intensity profile of a typical laser beam is 
Gaussian, so the intensity around the excitation center r0(x0, y0, z0) is represented as  
I (r, r0) α exp [-2{(x-x0)2+(y-y0)2}/wxy – (z-z0)2/wz], 
 where wxy is the lateral width and wz is the axial width. These widths determine the volume 
covered around the excitation center. 
It has been determined that the fluorescence intensity amount emitted from a voxel 
volume is proportional to the mass density of the molecules in that volume [41]. So, the intensity 
at the confocal image plane, which is the pixel values in the confocal micrograph, is proportional 
to the mass density of the molecules in that corresponding volume in the sample. Thus, the 
confocal image intensity can be assumed to be  
I(r) α dV(ρ), 
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where I(r) is the pixel intensity of the confocal image at position r, ρ being the density of the 
molecules at small volume dV in the sample. 
The pixel intensity values of a confocal image are used to construct an optical lattice. 
Since, the pixel intensity of confocal image is proportional to the mass density of the 
fluorescence molecule in the cell and also the local refractive index of a cell is proportional to its 
local mass density [42]–[44], the pixel intensity values of the confocal images can be correlated 
to the refractive index fluctuations in the corresponding fluorescence molecules mass density 
variation. Therefore, a representative refractive index matrix can be constructed using the pixel 
intensity values, with the local optical potential Ɛ (x, y) defined as  





       Where n0 and ∆n (x, y) denote the average refractive index of the fluorescent molecules and 
its fluctuation at (x, y) position respectively. <I> is the average intensity of the confocal image 
and dI (x, y) is the fluctuation in the intensity at (x, y) pixel position in the confocal image.  
The corresponding pixel intensity values in the confocal image thus, give the onsite 
optical potential, Ɛ (x, y) and is clearly shown in Figure 2.4. From above it is clear that an optical 
lattice is a representation of the spatial refractive index fluctuations of the fluorescent molecules 
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Optical lattice  
Figure 2.4 Construction of Optical lattice from confocal image (i) Laser beam used to image a 
sample. (ii) Scanning of the sample horizontally for different voxels to construct a confocal 
image. (iii) A typical confocal image. (iv)Pixel intensity of confocal image (v) Pixel intensity 
values giving rise to the optical lattice. 
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The disorder strength of an optical lattice, produced from the confocal image, can be analyzed 
using Anderson Tight Binding Model (TBM) Hamiltonian approach. Anderson TBM is well 
studied in the condensed matter physics for describing the disorder properties of optical systems 
of any geometry and disorder [46]. If we consider one optical state per lattice site, with inter 
lattice site hopping restricted to the nearest neighbors only, the tight binding Hamiltonian is 
written as  
H=∑ Ɛ𝑖𝑖|𝑖𝑖 >< 𝑖𝑖|𝑖𝑖  + t∑ (|𝑖𝑖 >< 𝑗𝑗| + |𝑗𝑗 >< 𝑖𝑖|)<𝑖𝑖𝑖𝑖> . 
 
Where Ɛi is the lattice optical potential corresponding to the ith lattice site, j is the nearest 
neighbor of ith lattice site and t is the inter-lattice site hopping strength. 
The eigenfunctions of this Hamiltonian are calculated and used for further analysis for 
studying the light localization of the disorder optical lattice system and hence the disorder 
strengths. Here the disorder strength of the optical systems is quantified in terms of IPR values of 
the system. IPR value is calculated by the statistical analysis of the eigenfunctions determined 
from the Hamiltonian matrix. The IPR value for a lattice system is defined as  
<IPR (L)>LxL = 
1
𝑁𝑁






𝑖𝑖=1 (x, y) dxdy. 
Where Ei is the ith eigenfunction of the Hamiltonian of optical lattice of size LxL, having N 
lattice points. 

















Figure 2.5 :   Schematic steps for IPR calculations[43] 
 
The average value of IPR at any corresponding area represents the measure of strength or 
degree of light localization inside that sample in that area. The degree of light localization, in 
terms of <IPR (L)> values, in a closed area L×L measures the effective structural disorder of the 
sample at that area. As we know that the disorder strength is expressed as  
Ld=<∆n> × lc, 
and the average value of IPR represents the measure of strength, so IPR and disorder strength 
can be correlated as  
















I(x,y)=<I> + dI(x,y) 

















RESULTS AND DISCUSSIONS 
 We have studied the effect of stress and alcohol in the brain tissues at nano-level using 
the condensed matter physics principles. The principles based on mesoscopic light transport 
theory including Partial Wave Spectroscopy and Inverse Participation Ratio technique helped to 
identify the nano-architectural changes in the biological cells due to different conditions in terms 
of a parameter called disorder strength. We calculated the disorder strength of the control brain 
cells and the brain cells under stress and fetal alcoholism. The disorder strength of the brain cells 
under stress and fetal alcoholism were compared with the control brain cells and the results were 
found to be prominent to find the structural alterations. We have carried out two different 
experimental studies for the brain cells in this work. The brain cells under stress were studied by 
Partial Wave Spectroscopy technique. The brain cells of in-utero ethanol-fed mice pups were 
studied by Inverse Participation Ratio technique. Both of these techniques study the 
quantification of nanostructure alterations calculating disorder strength. This chapter presents 
two results obtained from the two different techniques we applied for studying the nano and 
submicron scale structural alterations in the brain tissue/cells due to stress and fetal alcoholism 










3.1 RESULTS OF PWS STUDIES FOR STRESS INDUCED DISORDER IN THE BRAIN 
  We have used the Partial Wave Spectroscopy (PWS) microscopy for detecting the 
structural alterations in the brain tissues of a corticosterone treated mice model due to stress. 
Three different categories of the mice brain tissues were imaged using our PWS microscopy and 
the image were analyzed. The mice brain tissues studied include (i) Control, (ii) Corticosterone- 
treated mice brain tissues for 7 days, and (iii) Corticosterone-treated mice brain tissues for 10 
days. Thirteen sets of PWS images were taken for each brain slices on the slide and were 
analyzed using the mesoscopic scattering algorithm and calculating the disorder strengths. 
3.1.1 Partial wave optical experimental result of structural disorder in the stressed 
induced Brain tissue sections  
Figure 3.1 shows the representative PWS images and the Ld images of the different mice 
brain tissues. PWS analysis of these different mice brain tissues slices are shown in Figure 3.2. 
There is an increase in the disorder strength Ld in the corticosterone-treated mice brain tissues 
relative to the mice brain tissues with vehicle (control). The disorder strength for corticosterone- 
treated mice brain tissues for 10 days is higher than that one treated for 7 days. This indicates the 




Figure 3.1:  a-c shows the PWS images of the brain tissues treated with vehicle, corticosteroid treated 
brain tissues for 7 days and corticosteroid treated brain tissues for 10 days respectively. a’-c’ show the Ld 






Figure 3.2: Stress-induced structural changes in the mice brain tissues due to chronic stress treated with 
vehicle, the brain tissue treated with corticosterone for seven days and the brain tissue treated with 
corticosterone for ten days. The change in the disorder strength was found to be nearly 6% for the brain 
tissues treated with corticosterone for seven days and nearly 17% for the brain tissues treated with 







Corticosterone, a main glucocorticoid is responsible for stress in rodents. PWS optical 
measurements show that the brain tissue structural disorder is increased in the corticosterone- 
treated brain tissues relative to the control (vehicle). This confirms that there are structural 
alterations in the brain tissues after the injection of corticosterone. Stress is responsible for the 
nanoscale changes in the brain tissues slice samples. The percentage change in disorder relative 
to the control (vehicle) mice brain tissues was approximately 6% for seven-day corticosterone-
treated mice brain tissues and approximately 17% for ten-day corticosterone-treated mice brain 
tissues. These results suggest that higher disorder strength in the brain tissue is associated with 
the stress and hence the higher nanostructural alterations. The nanostructural alterations were 
found to be profound in the hippocampal region. Future study is needed to explore whether the 
disorder strength continues to increase with stress or saturates at a certain level of stress. Figure 
3.3 indicates the nanostructural alterations in different regions of the brain tissues. It is observed 
that the alterations are occurring more at the hippocampal region.  
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3.1.2 The region specific structural changes in the brain 
Figure 3.3: Change in disorder strength of structural disorder due to corticosterone induced chronic stress 
in mice brain. (a) Schematic picture of the mice brain sections. The shaded area represents the area where 
the PWS was performed. (b) Plot of the percentage change in the structural disorder or disorder strength 
versus along the brain section shown in the shaded region. The two peaks in the graph represent the 
maximum changes occurring in the hippocampal regions which are almost symmetrical on either side of 
the ventricle.  
 
PWS was performed over 10µm thick brain section slide. The percentage change in the 
disorder strength along the brain slice sample position is shown by a stripe as shown in Figure 
3.3(a). The middle portion in Figure 3.3(a) is the ventricle and the region on either side of the 
ventricle is hippocampus.  We plotted nano-structural changes in percentages along this stripe 
shown in Figure 3.3(b). The percentage change versus position graph in Figure 3.3(b) clearly 
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indicates that changes in disorder strength are more in the hippocampal region because of 
corticosterone induced stress. 
 Immuno-histochemistry support of our results (In collaboration with Dr. Pradeep Shukla and 
Dr.R.K. Rao from University of Tennessee Health Science Centre, Memphis.) 
The role of the brain-derived neurotrophic factor (BDNF) is established in stress and 
affective disorders. It has also been shown  that BDNF was protective to neurons in conditions of 
chemical stress [47]. Both acute and chronic stresses have been shown to decrease the BDNF in 
various animal models and are involved in developing depressive phenotypes. Tyrosine kinase-
coupled receptor (TrkB) is the primary signal transduction receptor for BDNF.  BDNF and TrkB 
expression have been shown to decrease in depression patient hippocampus. The activation of 
the BDNF-TrkB pathway is important in the development and the growth of neurons. 
Method: As described earlier, animals were sacrificed after two hours following the last injection 
on seventh and tenth days and the brain hippocampus were collected for mRNA expression 
analysis. 
Quantitative RT-PCR: Total RNA (1.5 μg) was used for generation of cDNAs using the 
ThermoScript RT-PCR system for first strand synthesis (Invitrogen). Quantitative PCR (qPCR) 
reactions were performed using cDNA mix (cDNA corresponding to 35 ng RNA) with 300 
nmoles of primers in a final volume of 25 μl of 2x concentrated RT2 Real-Time SYBR 
Green/ROX master mix (Qiagen) in an Applied Biosystems 7300 Real-Time PCR instrument 
(Norwalk, CT, USA). The cycle parameters were: 50°C for 2 minutes, one denaturation step at 
95°C for 10 minutes and 40 cycles of denaturation at 95°C for 10 seconds followed by annealing 
and elongation at 60°C. Relative gene expression of each transcript was normalized to GAPDH 




Table 1 Genes and the Primers 
Gene 5′-3′ Sequence 
TrkB  
Forward Primer CTGGGGCTTATGCCTGCTG 
Reverse Primer AGGCTCAGTACACCAAATCCTA 
BDNF  
Forward Primer TCATACTTCGGTTGCATGAAGG 
Reverse Primer AGACCTCTCGAACCTGCCC 
GAPDH  
Forward Primer CTGCACCACCAACTGCTTAG 
Reverse Primer GGGCCATCCACAGTCTTCT 
 
Results:  BDNF and TrkB mRNA levels were significantly decreased in the hippocampus of 
corticosterone treated mice compared to that in vehicle treated mice at Day 7. Corticosterone 









Figure 3.4: Corticosterone treatment down regulates BDNF and TrkB gene expression in the 
hippocampus. Stress was induced with corticosterone (25 mg/kg in sesame oil) daily for 7 and 10 days as 
described in methods. On Day 7 and 10, qRT-PCR analysis performed in RNA from hippocampal 
tissue for BDNF (a) and TrkB (b). Values are mean ± SE (n = 4). Asterisks indicate the values that are 




3.2  RESULTS OF IPR STUDIES   
We have used IPR technique for the confocal images to study the effect of alcohol on in- 
utero ethanol-fed pups’ brain tissues. The confocal images were obtained from fetal alcohol 
exposed mice pups’ brain tissue collected at the postnatal day 60 of age. The brain parts were 
collected from frontal cortex region. The images were categorized into four groups: (i) Control 
pup brain tissues with DAPI, (ii) In-utero ethanol-fed pup brain tissues with DAPI, (iii) Control 




Figure 3.5:  a and b represents the confocal images of the brain tissues treated with DAPI for control and 
alcoholic case respectively. a’ and b’ represents the IPR images of the brain tissues treated with DAPI for 
















Figure 3.6: IPR Values for the brain tissues treated with DAPI dye at control and in-utero ethanol-fed 
conditions. The IPR value for in-utero ethanol-fed pups’ brain tissues dyed with DAPI is found higher as 
compared to that of control pups’ brain tissues dyed with DAPI. As DAPI binds with DNA molecules, the 
above graph shows that ethanol-fed pub has more disorder in its brain tissues leading to different kind of 
abnormalities. The percentage difference between these two groups was found to be 6%. 
 
Figure 3.7: c and d represents the confocal images of the brain cells treated with histone dye for control 
and alcoholic case respectively. c’ and d’ represents the IPR images of the brain cells treated with histone 


























Figure 3.8: IPR Values for the brain tissues treated with Histone dye at Control and in-utero ethanol-fed 
conditions. The IPR value for control pups’ brain tissues dyed with Histone is found higher as compared 
to that of in-utero ethanol-fed pups’ brain tissues dyed with Histone. The percentage difference between 
these two groups was found to be 7 %. 
 
This IPR technique is used to analyze the morphological changes in the brain cells after 
the introduction of alcohol. We analyzed the changes that occurred due to alcohol in DNA and 
histone proteins of the in-utero ethanol-fed pups’ brain. For this we performed a comparative 
study between (i) Control DAPI treated mice pups’ brain tissues and in-utero ethanol-fed DAPI 
treated pups’ brain tissues, and (ii) Control histone treated pups’ brain tissues and in-utero 
ethanol-fed histone treated pups’ brain tissues. We performed IPR analysis for all the four 
categories of the samples under study. Figure 3.5 (a, b) represents the confocal images of the 
brain tissues treated with DAPI for control and alcoholic case and Figure 3.5 (a’, b’) represents 
their respective IPR images. Figure 3.6 shows the IPR values of the brain tissues treated with 
DAPI dye at control and in-utero ethanol-fed conditions. Figure 3.7 (c, d) represents the confocal 
images of the brain tissues treated with histone dye for control and alcoholic case and Figure 
3.7(c’, d’) represents their respective IPR images. Figure 3.8 shows the IPR values of the brain 


















=4*4µm2.  The graphs show the trend of changes occurring in the DNA and histone protein due 
to the exposure of alcohol during the pregnancy. 
Many studies have shown that there are changes in the DNA and histone proteins due to 
the consumption of the alcohol but there is no clear understanding about the level of changes. 
From our study, it has been shown that there are structural changes occurring at the DNA and 
histone protein. But the changes occurring in these two components of chromatin are opposite. 
The IPR values for in-utero ethanol-fed pups’ brain tissues DNA is found to be greater than the 
normal one. As IPR value is correlated with the structural disorder, we can say that in-utero 
ethanol-fed pups’ brain tissues DNA have more structural disorder. So, it can be suggested that 
introduction of alcohol results in the spatial variation in the components of DNA and hence 
responsible for the changes in the genetics to introduce different fetal alcoholic syndrome.  
The IPR value of the control brain tissues with histone dye is found to be greater than the IPR 
value of the in-utero ethanol-fed brain tissues with histone dye. This suggests that the disorder 
strength of the in-utero ethanol-fed brain tissues treated with histone is less than the control one. 
This means less mass density fluctuation in the histone protein. So, there could be suppression in 











CONCLUSION AND FUTURE WORK 
Partial Wave Spectroscopic microscopy and Inverse Participation Ratio technique using 
confocal microscopy are the two emerging techniques in the area of photonics. These two 
techniques are being implemented to quantify the nanostructural changes occurring in the 
biological cells. They are capable of detecting the changes taking place at nano and sub-micron 
level. So, we can quantify the changes occurring at this level which is not possible from 
conventional microscopy due to the diffraction-limited resolution. So, these techniques have 
developed a great importance in the early prediction of changes in the biological media. Using a 
physical biomarker called disorder strength; we have analyzed the brain cells under stress and 
fetal alcoholism. Based on these facts and findings our conclusions from two different studies in 
this thesis are reported under following sections. 
4.1 Conclusion from PWS Studies  
In this study, we have reported stress induced nanoscale structural changes in the brain 
tissues of a corticosterone-treated mice model.  The PWS optical study of the brain indicated that 
corticosterone-treated mice brain tissues have more structural changes than the mice brain tissues 
with vehicle. Corticosterone-treated day-ten mice brain tissues have more nanoscale structural 
disorder strength than corticosterone-treated day-seven brain tissues.  The disorder strength is 
increasing with the increase in the duration of corticosterone treatment. The changes are 
profound in the hippocampal region. The reversibility or irreversibility of the changes with the 
increase in corticosterone and total duration of injection is yet to be systematically explored.  
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The role of the brain-derived neurotrophic factor (BDNF) has been implicated in stress 
and affective disorders. It has also been shown that BDNF is protective to neurons in conditions 
of chemical stress [48]. Both acute and chronic stresses have been shown to decrease BDNF 
expression in various animal models and are involved in developing depressive phenotypes. Our 
present study shows reduced BDNF expression in mouse hippocampus by chronic corticosterone 
administration and a corresponding increase in nanoscale structural disorder. Tyrosine kinase-
coupled receptor (TrkB) is the primary signal transduction receptor for BDNF. BDNF and TrkB 
expression have been shown to decrease in the hippocampus of depression patients. The 
activation of the BDNF-TrkB pathway is important in the development and the growth of 
neurons. Suppression of this pathway by corticosterone suggests a chronically elevated 
corticosterone in mediating the depressive behavior during chronic stress. 
In summary, our data show that elevated plasma levels of corticosterone suppress BDNF-
TrkB protection pathway in the hippocampus, which is associated with a corresponding change 
in nanoscale structural disorder in the hippocampus. 
4.2 Conclusion from IPR studies  
 The effect of chronic alcoholism during the pregnancy on the fetus or the effect of fetal 
alcoholism was studied. In particular, we studied spatial structural properties of molecular mass 
density variations of two types of molecules: DNA molecular mass density and histone protein 
molecular mass density, using confocal fluorescence microscopy imaging. Fetal alcoholism 
seems to affect the DNA and histone protein molecules in the brain cell nuclei of in-utero 
ethanol-fed pups. We performed the analysis on the confocal images of the brain tissues of in-
utero ethanol-fed pups and control pups at two different conditions. Alcohol is responsible for 
the structural changes in DNA and histone proteins. The changes in these two components of 
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chromatin were found to be opposite. Alcohol exposure seems to alter the normal DNA 
methylation patterns of neural stem cell genes and attenuate neural stem cell differentiation.  
Methylation of DNA is the addition of methyl group to the base pairs of the DNA molecule and 
this addition is responsible for making the chromatin more compact than the normal one.  We 
can therefore infer that the compact chromatin structure would result in more mass fluctuations 
in the DNA molecules and hence the greater <IPR> value. The higher <IPR> value of in-utero  
ethanol-fed DAPI stained pups’ brain cell nuclei suggests that the introduction of alcohol results 
in the spatial variation in the components of DNA and hence responsible for the changes in the 
genetics to introduce different fetal alcoholic syndrome. 
Due to the alcohol exposure, modifications in the histone protein also take place 
involving acetylation. Acetylation is the addition of acetyl group to the histone protein molecules 
and this addition forces the chromatin to exist in a relaxed conformation. The relaxed state of 
chromatin helps in accessing the DNA molecules easily for transcription process leading to rapid 
gene expression and hence, fetal disorders. Because of the relaxed conformation of chromatin 
there could be less mass fluctuations in the histone molecules and hence the smaller <IPR> 
value. Further exploration on the fetal alcohol syndrome due to the structural alterations in the 
DNA and histone proteins is needed. This study could be a basis for studying the fetal alcoholic 








4.3 Future Scope  
 
Stress and alcohol have been accounted as the major issues for most of the cases admitted 
in hospitals in the world at present. These cases are only admitted at the later stages. Although 
the changes occur at the early stage, they are not predicted by the technologies currently in use. 
Therefore, to study the effects of alcohol and stress at its early stage, our technique will be 
useful. Our technique quantifies the nanoscale level of mass density fluctuations in the biological 
medium by mesoscopic physics approach and leads to the better understanding of the changes in 
the cells due to alcohol and stress. Early prediction of changes due to stress and alcohol could be 
beneficial in preventing the complications during later stages. This, in turn, would contribute to 
the maintenance of health statistics in places and countries around the world. 
The technique used in our study could be a potential technique for the treatment of 
conditions developed from stress and alcohol at early stage. This could help in the prevention of 
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